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Effect of Potassium Application Rate on Growth Physiology .,
Yield and Quality of Tomato Cultivated in Facility Substrate
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Abstract: We used tomato cultivar ‘184’ as material, adopting the tomato protected substrate cultivation
mode of water and fertilizer integration, taking the potassium fertilizer in plant nutrient solution formula C
of Gansu Agricultural University as the control T, (conventional potassium fertilizer amount), and then
adding different amounts of potassium fertilizer to formula C to treat T, (potassium fertilizer increment
25%), T, (potassium fertilizer increment 50%), T, (potassium fertilizer increment 75%), To explore the

effects of different potassium application rates on the growth, physiology. yield and quality of tomato cul-
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tivated in protected substrate, and to screen the best potassium application rate under the condition of pro-
tected substrate cultivation. The results showed that: (1) compared with the conventional potassium fer-
tilizer application (T,), the increased application of potassium fertilizer (T, —T,) can significantly in-
crease tomato plant height, stem thickness, and root vigor, and all the indicators of T, treatment are the
highest, while the effect of increasing potassium fertilizer on the number of leaves was not significant. (2)
Compared with T, the potassium fertilizer treatment can significantly increase the photosynthetic pigment
content in tomato leaves, enhance the photosynthesis and fluorescence process, and further promote the
absorption and transformation of light energy, and the T, treatment has the highest increase. (3) With the
increase of potassium application rate, tomato single fruit weight and fruit yield of increased potassium fer-
tilizer treatments showed different degrees of growth trends. Appropriate increase of potassium fertilizer
treatments reached a significant level, and the T, tomato yield was the highest, and significantly increased
20. 87% production by T,. (4) Compared with T,, the hardness, total soluble sugar, Vc, soluble pro-
tein, and lycopene contents of tomato fruits in each potassium application treatment increased to varying
degrees, and each index increased first and then decreased with the increase of potassium application. The
trend of change and reach the optimal under T, treatment. (5) Principal component analysis shows that
the comprehensive score of each treatment is T,>T,>T,>T,. The study found that under the condition
of facility substrate cultivation, adding a proper amount of potassium fertilizer can significantly improve
the photosynthesis efficiency of tomato plants, promote plant growth, and achieve the purpose of increas-
ing fruit yield and quality. The effect of treatment with a 50 % increase in conventional potassium fertilizer
was the best.
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Formula C of plant nutrient solution of Gansu

mg * kg™,

Table 1

Agricultural University
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Molecular formula  Dosage/kg Available nutrient content

R N:(13.86%)0.3153 kg
KNO, 2275 K,0(46.53%)1. 0586 kg

_ N:(12.17%)0. 0685 kg

NH, H,PO, 0.5625  p ()., (61.74%)0. 3473 kg
MgSO, 0. 6375
CO(NH,), 0.4 N:(46.67%)0. 1867 kg

Ca(NO,), * 4H,0 1.57 N:(5.93%)0.0931 kg

N:0. 66 kg; PZ()B:O- 35 kg;
K,O:1.06 kg
N P,0, : K,0 =1.91:1:3.05

it Total 5. 445

VE S TRUN 100 £ U A

Note: Nutrient solution is 100 times concentrated solution
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Table 2 Tomato plant growth and root activity in protected substrate culture under different potassium application rates

poE: R = E-yil LR LiESEW]
Treatmens Plant height/cm Stem diameter/mm Number of blades Root activity/(pg+g '+ h™ "

T, 107.7840.58b 12.03+0. 24ab 14.20+0. 37a 1214.00419. 28¢

T, 111.0041. 76ab 12.90+0. 10a 14.80+0. 20a 1482.52456.41b

T, 113.40+1.17a 12.98+0.17a 14.8040. 20a 1 681.78133.90a

T, 109. 6840. 22ab 12.40+£0. 20ab 14.60+0. 24a 1470.30418.09b

E:T, —T,. Tﬁﬁﬂ%hk N 0.66 kg.P,0; 0.35 kg KAl L, 753 U0 H A R 800 . T, W AL T, AL & 25065 T, $IL 3 5006
T,. #PACHY & o A —FNVEHR 5 AN W) /NG SRR 7R Ab BRIE] #E 0. 05 7K B 2% 5 i35 (P<C0. 05) ; Al

Note: T; —T,. On the basis of pure N 0. 66 kg and P,O; 0. 35 kg, different amounts of potassium fertilizer were applied separately: T
Regular fertilization; T,. Potassium fertilizer increment 25%; T,. Potassium fertilizer increment 50%; T,. Potassium fertilizer increment

75%. After the same column data, different normal letters indicate significant difference at the 0. 05 level. The same as below

x3 AABHEMEEEREETEMALEGRZRIENET
Table 3 The photosynthetic pigment contents of tomato cultivated in greenhouse substrate under

different potassium application rates/(mg+ g ')

b 7 M4 R a M2 b JSNUESS 3 EVIE NN
Treatment Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids
T, 1.3940. 03¢ 0.45+0. 05a 1.8440.05¢ 0.70-£0.02b
T, 1.7040.03b 0.45-+0. 04a 2.15%+0.05b 0.80+0.01a
T, 1.8640.02a 0.46+0.03a 2.327+0.03a 0.83+0.01a
T, 1.854+0.02a 0.43+0.03a 2.294+0.03a 0.80+0.01a
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Table 4 The photosynthetic gas exchange parameters of tomato cultivated in greenhouse substrate

under different potassium application rates

st W CO, WKIE AR UL O
Treatment Internal CO, C()ncenltran()n TransplratEJZn rat:el Stomatal C()n,d«_)u(:tail(fe Ph()t()synthf;ls ra7t16
/Cumol » mol ™ ") /(mmolsm ~+s ) /(mmolem ~+s ) /(pmol * m™ =+ s )

T, 320.4=+1. 29¢ 9.68+0. 40b 651.8+4.95¢ 22.7840. 25¢

T, 341.444.13b 9.44=+0. 36b 671.8+11.69c¢ 23.80=+0.16b

T, 366.642.01a 12.40+0.07a 985.0+3.77a 25.2040. 10a

T, 361.441.69a 12.30+0. 14a 849.4411.08b 25.1440. 24a

RS5 ARABEHEEMNEEERBETEMAHFHEEXALSHENIZT
Table 5 The fluorescence parameters of tomato cultivated in greenhouse substrate under
different potassium application rates

b B PSR FOUA 2508 PS Il A BOLAL 2 it 77 AL E 1K R AL b2 M K R B
Treatment F,/F, ©psi qP NPQ

T, 0.75%+0.05a 0.67-+0.03c 0.49+0.11a 0.65740. 04a

T, 0.7740.03a 0.83+0.01b 0.4940. 05a 0.67=+0. 04a

T, 0.844+0.01a 0.92+0.03a 0.737+0.08a 0.597+0. 04a

T, 0.80-0.02a 0.87-0.01ab 0.7240.02a 0.63%40.02a

K6 AEBHEMEEERBETEM NG RH T
Table 6 The appearance quality of tomato cultivated in greenhouse substrate under different potassium application rates
i 5 A ¥ - =
/(kg e cm 7) single fruit/g single fruit/g !

T, 4.19+0.07c 100. 924+0. 77c 8.457+0.12b 90.33+0. 13a 0.787+0.02a

T, 6.9140.06b 105.53=+1.41b 10. 68+0. 23b 89.7740. 15a 0.7940.02a

T, 6.95+0.07b 119.8241. 30a 16.06+0. 70a 87.1040.60b 0.77+0.01a

T, 7.17£0.02a 115.324+3.02a 14.73+1.48a 87.2341.20b 0.81£0.05a
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Fig. 1

The internal quality of tomato cultivated in protected media under different potassium application rates
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Table 7 Effects of different potassium application rates on tomato yield under greenhouse substrate cultivation

Jib L B [ R HBRR AL il

Treatment Fresh quality of single fruit/g Fruit number per plant Equivalent yield per 667 m”/kg
T, 100.9240. 77c 22.2040.58a 4 510.304133. 96b
T, 105.5341.41b 22.2040.37a 4 745.62+136.49b
T, 119.82+1. 30a 22.6040.51a 5 451.584142.61a
T, 115.3243.02a 22.4040.51a 5 392.754102. 32a

K8 BMRIERKRBRIERERSSN

Table 8 Principal component analysis of tomato fruit growth and quality index

EE| B—EW S Ry %= ERIT

Project First principal component Second principal component Third principal component
FFiE A Eigenvalues 12.373 2.079 1.548
FHk# Contribution rate/ % 77.331 12.997 9.672
B 5Tk % Cumulative contribution rate/ % 77.331 90. 328 100. 000
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Table 9 Principal component load matrix of tomato fruit growth and quality indexes

fabn o — F T 5 Y 55 = Ay

Index First principal component Second principal component Third principal component
# Plant height 0.520 0.748 —0.411
2 Stem diameter 0.221 0.917 —0.333
0 Number of blades 0. 266 0. 962 —0.058
1% Firmness 0. 406 0. 856 0.320
AL L 4 Fresh weight of single fruit 0.907 0.416 0.063
B i B Dry weight of single fruit 0.876 0.402 0. 266
K # Water content —0.921 —0.313 —0.233
RIZ % Shape index —0.030 0.016 0.999
A HEREIE Y Soluble solids 0.771 0.633 0.077
] 7 M BBk Soluble total sugar 0.841 0.431 —0.328
] 22 R Titratable acid —0.794 —0.418 0. 441
BERR IL Sugar acid ratio 0.817 0. 406 —0. 409
Ve £ i Vitamin C content 0.705 0.703 0.093
H[ %P2 1 Soluble protein content 0. 805 0.532 —0.262
ML E ¥ it Lycopene content 0.599 0.791 0.127
fitf 2 £ & i Nitrate content —0.946 —0.105 0. 307

£10 BLAEEEESMHRF

Table 10 Comprehensive score and ranking under different treatments

Kb PR Treatment A Z, Z, 2545194 Composite score HEFF Sort
T, —3.16 —7.28 0. 44 —3.34 4
T, —0.92 0. 26 0.24 —0.65 3
T, 3.29 5. 88 —2.71 3.03 1
T, 0.79 2.75 1.12 1.08 2
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